ABSTRACT With the rapid development of the Web, a large number of electronic resources have been generated. Currently, XML has been an important tool for data representation and exchange over the Web. The incompleteness of information in the real-world is inherent. To deal with imprecise and uncertain data, fuzzy XML and fuzzy ontology modeling recently receive more attention. In order to represent the fuzzy information, we concentrate on fuzzy information modeling in a fuzzy XML model and fuzzy OWL 2 ontology in this paper. Furthermore, we propose an approach of transforming fuzzy OWL 2 ontologies (including structures and instances) into fuzzy XML models. Then we prove that the sementics of this transformation approach are preserved and propose a transforming example to explain the transforming process. This paper provides a new approach for the fuzzy XML modeling and fuzzy XML mapping based on the fuzzy OWL 2 ontologies.
I. INTRODUCTION
With the rapid development and the comprehensive utilization of the Internet, XML (eXtensible Markup Language) has been an important tool for data representation and exchange over the Web mainly because it is a selfdescriptive format that supports a flexible representation of data, and it is an open and free pattern [24] . The reasoning and decision system based on XML has been widely used in artificial intelligence and knowledge engineering. In order to share, exchange, reuse, and integrate information between different systems and users, it is necessary to transform the XML model to other data models [3] . The mapping from data models into XML can benefit database interoperability over the Web. Various data models, including relational databases [10] , nested relational databases [11] , object-oriented databases [17] , [18] , [24] , object-relational databases [7] , EER models [30] and UML models [6] , [15] , have been mapped to XML document.
In the real-world information is inherently imprecise and uncertain since it values is subjective. To represent and handle imperfect information with XML, Abiteboul et al. [1] provided a system using XML and DTD processing incomplete information. They utilize probability theory to deal with ambiguous data in XML has received widespread attention, such as [19] , [25] , and [27] . Gaurav and Alhajj [8] proposed an approach to incorporate fuzzy and inaccurate data into an XML document. This approach utilizes the possibility theory and the similarity relationship to present fuzzy data and maps the fuzzy data from the fuzzy relational database to a fuzzy XML document with the corresponding XML schema. Oliboni and Pozzani [20] proposed a definition of general XML Schema for representing fuzzy information. Ma and Yan [15] represented a fuzzy XML data model based on possibility distribution theory, and proposed a conceptual structure and database storage methods of this model. Then they presented two mappings from fuzzy UML model to the fuzzy XML model and from the fuzzy XML model to the fuzzy relational database, respectively. Yan et al. [29] presented a definition of multiple granularity of data fuzziness based on elements and attribute values of the elements in the XML. They developed this fuzzy XML data model for dealing with all fuzziness based on the XML model. A new fuzzy XML model based on XML Schema and algebraic operations in this model was proposed in [13] . Ma and Yan [16] provide an up-to-date overview of fuzzy XML data modeling in fuzzy data management and the main approaches of modeling fuzzy XML data.
In addition, in order to express and reasoning fuzzy knowledge, fuzzy ontology definitions [12] , [28] have been proposed by incorporating fuzzy description logic and fuzzy set theory [31] , [32] . In the context of the Semantic Web [12] , the Web ontology language (OWL) 2 [21] - [23] becomes the latest standard ontology description language recommended by W3C Web Ontology Working Group. Bobillo and Straccia [4] presented a concrere approach to represent fuzzy ontologies based on OWL 2 annotation properties and a prototypical tool to implement. Our work mainly focus on the fuzzy OWL 2, which is an extension of the OWL 2 based on the Zadehąŕs fuzzy set theory [31] , [32] . The logical foundation of fuzzy OWL 2 is the fuzzy DL called f-SROIQ(D) [5] .
To deal with XML with ontologies, some research has been made to map XML into ontologies. This work in [33] and [36] pay attention to represent and reason about fuzzy XML models with fuzzy ontologies. Hacherouf et al. [9] summed up a survey on the different approaches of conversion XML documents to OWL ontologies and presented two main processes of ontology enrichment (Abox) and ontology population (Tbox). In addition, Zhang et al. [35] proposed a formal definition of fuzzy XML model and gave an approach and automated tool for constructing fuzzy ontologies from fuzzy XML model. Actually, it is needed to reengine ontologies into other data models. Benslimane et al. [2] , for example, propose a reverse engineering approach of extracting domain ontology schema to construct conceptual data model so that ontologies can be reused at a conceptual level. Similarly, to reuse and exchange ontologies on the Web, it is useful to map ontologies into XML. This just likes the mapping from databases into XML [7] , [10] , [17] , [18] , [24] . Unfortunately, few work investigate the mapping of ontologies into XML. It is especially true to map fuzzy ontologies into fuzzy XML.
Based on Zadeh's fuzzy set theory, we extend a fuzzy XML data model to deal with all types of fuzzy. Then we propose a formal approach of transforming fuzzy OWL 2 ontologies (including structure and instance levels) into fuzzy XML models. The correctness of this approach is proved, and a transformation example is provided to illustrate the proposed approach.
The remainder of this paper is organized as follows. The fuzzy XML data models and fuzzy OWL 2 ontologies are introduced in Section II. In Section III, the approaches to transform fuzzy OWL 2 ontologies (including structure and instance levels) into fuzzy XML models are proposed. Section IV concludes the paper.
II. FUZZY XML MODEL AND FUZZY OWL 2 ONTOLOGY A. THE REPRESENTATION OF FUZZY XML MODEL
To deal with fuzzy information, we extend XML documents based on fuzzy sets and probability distribution theory. We utilize membership degrees to indicate the fuzziness in elements and possibility distribution to indicate the fuzziness in attribute values of elements. In [13] , we propose some concepts about fuzzy XML model. Definition 1: Let V be a finite set of vertices, E ∈ V × V be a set of edges and : E → be a mapping from edges to a set of strings called labels. The triple G = (V , E, ) is an edge labeled directed graph.
Definition 2: A fuzzy XML tree τ can be a 6-tuple τ = (V , σ, λ, η, ρ, γ ) where
where L a set of strings called labels. For v ∈ V and l ∈ L, λ(v, l) specifies the set of objects that may be children of v with label l.
• η → T , where T is a set of fuzzy XML types [20] .
• ρ is a possibility function. It defines the possibility of a set of children nodes given belonging to the parent node.
• γ is a mapping relationship. It defines the number of child nodes that pass through a label l as parent node v, where
, where min ≥ 0, max ≥ min, γ is used to represent the lower and upper bounds.
Definition 3 (Fuzzy DTDs):
A fuzzy DTD D is a pair (P, r), where P is a set of element type definitions, and r ∈ E is the root element type, which uniquely identifies a fuzzy DTD. Each element type definition has the form E → (α, A) , constructed according to the following syntax:
Here:
• S = T ∪ E; T denotes the atomic types of elements and attributes; E denotes a set of elements including the basic elements and special elements Val and Dist; empty denotes the empty string; | denotes union, and , denotes concatenation; α can be extended with cardinality operators ? , * , and + , where ? denotes 0 or 1 time, * denotes 0 or n times, and + denotes 1 or n times; the construct any stands for any sequence of element types defined in the fuzzy DTD.
• AN ∈ A denotes the attribute names of the element E; AT denotes the attribute types; and VT is the value types of attributes which can be #REQUIRED, #IMPLIED, #FIXED value, value, and disjunctive/conjunctive possibility distribution.
Definition 4 (Fuzzy XML Documents): A fuzzy XML document d over a fuzzy DTD D is a tuple d = (N , <, λ, η, γ ), where:
• N: is a set of nodes in a fuzzy XML document tree.
• <: denotes the parent-child relationship between nodes, i.e., for two nodes v i , v j ∈ N , if v i < v j , then v i is the parent node of v j .
• λ: N → E ∪ A is a labeling function for distinguishing elements and attributes.
• η: N × N → dom is a function for mapping attributes to values such that for each pair nodes
is a leaf element node E (such as the element sname in Figure 1 
• γ is the root node of a fuzzy XML document tree. A fuzzy XML document is intuitionally deemed a syntax tree, and conforms to a fuzzy DTD that consists of elements and their associated attributes. A fuzzy XML document [15] has several fuzzy constructs for fuzzy data modeling. A possibility attribute ''Poss'' with a value of [0, 1] together a fuzzy constructor called ''Val'' specifies the possibility of a given element in the XML document. Pair <Val Poss> and </Val>indicates possibility distribution of an element. The fuzzy construct ''Dist'' has multiple elements ''Val'' as children, each of element has an associated possibility. A construct ''Dist'' indicates two types of possibility distribution disjunctive and conjunctive. [35] . In the example, assuming that it is the possibility that ''LuckyVitamin'' is included in the customer. In addition, the corporate-customer has fuzzy values in the attributes age, which are represented by a disjunctive possibility distribution. Figure 2 gives a tree representation of the fuzzy XML document in Figure 1 . 
B. FUZZY OWL ONTOLOGY
To define fuzzy OWL 2 ontology, it is necessary to introduce fuzzy OWL language [34] , which is based on the Zadeh's fuzzy set theory [31] . The semantics for fuzzy OWL 2 are equivalent to the expressive description logics f-SHID(D) and f-SHONF(D) [26] . After summarizing the fuzzy OWL in [34] and [35] , we present Table 1 to show the fuzzy OWL 2 abstract syntax, the corresponding description logics syntax, and the semantics.
In Table 1 [34] , [35] ). In order to represent both the structure and instance information of fuzzy OWL 2 ontologies, we present a formal definition of fuzzy OWL 2 ontologies in the following, which considers both the structure and instance information of fuzzy ontologies. In summary, a fuzzy OWL 2 ontology FO includes two parts: the structure and the instance. Now we illustrate a fuzzy OWL 2 ontology of E-commerce in an abstract syntax in Figure 3 . There are several kinds of fuzziness in the E-commerce fuzzy ontology.
The element Corporate-Customer may be fuzzy since we cannot precisely describe the element. In this case, we provide an attribute µ ∈ [0, 1] in the axiom of the element CorporateCustomer.
A fuzzy keyword FUZZY indicates an attribute to be fuzzy values. For example, the attribute FUZZY-creditRating of the element Corporate-Customer may be fuzzy. Moreover, there may be other fuzzy elements and attributes in the fuzzy ontology E-commerce.
III. TRANSFORMING FUZZY OWL 2 ONTOLOGIES TO FUZZY XML MODEL A. TRANSFORMING FUZZY OWL 2 ONTOLOGY INTO FUZZY XML DTD AT STRUCTURE LEVEL
In the following, Definition 7 firstly propose the formal approach for converting a fuzzy OWL 2 ontology into a fuzzy XML DTD. Then, Theorem 1 proves the correctness of the approach. Finally, we provide a transformation example. All of these will help to understand how to transform fuzzy OWL 2 ontologies to fuzzy XML DTD.
Giving can be derived by transformation function ϕ() as shown in Table 2 .
Applying the rules in Table 2 , we can finally obtain the fuzzy DTD correspond to the fuzzy OWL 2 ontology structure in Figure 3 . The corresponding fuzzy XML DTD model shown in Figure 4 .
B. TRANSFORMATION FUZZY OWL 2 ONTOLOGY TO FUZZY XML DOCUMENT AT INSTANCE LEVEL
In this section, we propose some rules in Table 3 to transform a fuzzy OWL 2 ontology instance into fuzzy XML document based on the constructed DTD in Section A. Given a fuzzy OWL 2 ontology instance o, the corresponding fuzzy XML document ϕ(o) = (N , <, λ, η, γ ) can be derived from the following rules in Table 3 .
C. THE CORRECTNESS OF THE TRANSFORMATION APPROACH
The Sections A and B specify some mapping rules that can transform fuzzy OWL 2 ontology structure and instance to fuzzy XML DTD and document. In this section, we discuss the correctness of the approach. Then we establish mapping instance of fuzzy OWL 2 ontology and fuzzy XML document and DTD.
Theorem 1: For every fuzzy OWL 2 ontology FO and its transformed fuzzy DTD ϕ(FO), there is two mappings δ from fuzzy OWL 2 ontologies structure to models ϕ(FO), and ζ from models ϕ(FO) to fuzzy OWL 2 ontology structure, such that:
• For each fuzzy OWL 2 ontology instance FI conforming to FO, δ(FI ) is a model of fuzzy ϕ(FO).
• For each model d of ϕ(FO), ζ (d) is a fuzzy OWL 2 ontology instance.
Proof: Between start tags and end tags, a fuzzy XML document contains several elements which are associated with their attribute values. There is two alphabet T and E, they are basic types and element types. A fuzzy XML document instances d T ,E builts over T and E as follows:
Then the following first proves the first part of Theorem 1. Figure 3 . And the second part of Theorem 1 can be proved similarly for the first part above, it is a mutually inverse process. Let d ∈ d T ,E be a fuzzy XML document, then we can obtain a model
satisfying the fuzzy axioms of FO, as follow:
where d i is an instance satisfying to the fuzzy DTD model E → (α, A) , then a tree-model ζ (d) can be constructed as follows: So far, we propose the approach that can map a fuzzy OWL 2 ontology to a fuzzy XML model. As shown in Section A, constructing a fuzzy XML model from a fuzzy ontology has two steps: transforming the structure of fuzzy ontology into a fuzzy DTD and transforming the fuzzy ontology instance into the fuzzy XML document conforming the fuzzy DTD. For the first step, Table 2 provides several rules of transforming all the fuzzy OWL 2 ontology identifiers and axioms into symbols of a fuzzy DTD. For the second step, Table 3 provides some rules of transforming of instance level from the fuzzy ontology into the fuzzy XML model based on the structure in the first step.
D. A TRANSFORMING EXAMPLE FROM FUZZY OWL 2 ONTOLOGY TO FUZZY XML DOCUMENT
In order to explain the transforming approach well, we provide a fuzzy OWL 2 ontology instance in Figure 5 , and the fuzzy XML document derived from the instance is shown in Figure 6 .
IV. CONCLUSIONS
XML has been the standard for data representation and exchange based on the Web. Meanwhile, information is imprecise and uncertain in the real world. Then, fuzzy XML model has been proposed. In this paper, we mainly investigate fuzzy OWL 2 ontology and fuzzy XML model. Their formal definitions are proposed. Furthermore, we propose an approach of transforming fuzzy OWL 2 ontology into fuzzy XML model at structure and instance levels, respectively. The correctness of the approach is proved, and a transformation example is provided to well explain the proposed approach. In the future, we will evaluate the reusing fuzzy OWL 2 ontologies approach with more complex examples based on fuzzy XML model.
